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Abstract 

We show that a CP-violating phase can be model-independently determined from the 
time-independent measurement of coherent B^B^ decays into {oi*^^ K^*''^){Di*^^ K^*^^) 
states at the T(5S) resonance. This phase amounts to (—7) within the standard model, 
where 7 is the well-known angle of the quark mixing unitarity triangle. It is also possible 
to determine or constrain the B^-B^ mixing parameter from the same measurement. 
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Today the weak decays of Bd and Bg mesons are playing crucial roles in the study of flavor 
mixing and CP violation beyond the neutral kaon system. The best place to produce 5° and 
B^ events with high statistics and low backgrounds is the T{4S) resonance, on which both the 
symmetric B factory at Cornell and the asymmetric B factories at KEK and SLAG are based. 
Similarly a wealth of coherent B^ and B^ mesons can be achieved at the T{5S) resonance. 
Recently some interest has been paid to the possibilities to investigate CP violation and probe 
new physics in weak Bg decays at the T{5S) resonance H, U, although it remams an open 
question whether the existing B factories running at the T{4S) energy threshold will finally be 
updated to run at the T(55') energy threshold. 

In this paper we point out a novel idea, which works for the coherent decays of B^B^ pairs 
into {DfK^){DfK^), {DfK^){DfK^), {DfK*^){DfK*^) and {D*^K*'^){DfK*^) states 
at the T(55') resonance, to extract the CP- violating phase 



= arg 



(1) 



where q/p describes the weak phase of B^^-B^ mixing, and Vub, Ks, Vcb and Vus are four elements 
of the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix. Within the standard model 
q/p = (VflVts) / {VtbVf*) is an excellent approximation, therefore amounts to (—7) to a good 
degree of accuracy, where 

7 = arg -TT^ (2) 

^cb ^cd _ 

denotes one inner angle of the well-known CKM unitarity triangle 0. So far numerous methods 
have been proposed towards a clean determination of 7 in the weak decays of B mesons [Q. 
The advantages of our present approach are remarkable: (1) it is completely independent of 
specific models or approximate symmetries in treating the relevant hadronic matrix elements 
of B transitions; (2) its feasibility does not require any time-dependent measurement of Bg 
decays, which is quite difficult due to the expected rapid rate of B^-B^ oscillation; and (3) it 
remains valid to determine and able to shed light on 7, even if there exists a kind of yet 
unknown new physics in B^-B^ mixing. 

The transitions B^ D^*^^ K'^*'^^ and 5^ D'f'^~ K^*^^ occur only through the tree- 
level quark diagrams with the CKM factors (V^^^V^^) and (K^V^*), respectively (see Fig. 1 for 
illustration). Their CP-conjugate processes P° [)(*)+ K^*^' and P° have the 

corresponding CKM factors (KfeV^*) and (V^*{,Vcs). Hence each of the four decay amplitudes 
involves only a single weak phase and a single strong phase f^. For the study of CP violation 
it is convenient to define two rephasing-invariant measurables: 

A/ = - 



p {fm 
q {jm 
p im) 



A/ = - ■ 7^ , (3) 
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Figure 1: Quark diagrams for 5° and decays into K^, D* , K*^ or D* K*^ . 



where / and / are charge-conjugate states: 

/ = D-K+ , d:-k' 



f 



d;k*- 

DtK*- 



D*-K*^ 

d:+k*- 



(4) 



Note that \q/p\ = 1 holds up to an accuracy of (9(10~^) in the standard model and it 
is expected to remain valid up to an accuracy of (9(10~^) even if there exists a kind of yet 
unknown new physics with large CP violation in B^-ISg mixing [0, |^. We therefore take 
\q/p\ ~ 1 as a good approximation in the subsequent discussions. Then A/ and Xj can be 
explicitly parametrized as 



A/ 



P e 
1 

- e 
P 



(5) 



where is the overall weak phase defined already in Eq. (1), S is the relevant strong phase 
difference, and 



P 



(6) 



measures the ratio of two decay amplitudes. Of course both p and 6 depend upon the specific 
final state /. 

The coherent and B^ pairs with odd or even charge-conjugation (C) parity can be 
produced at the T{5S) resonance |Q. The joint decay rates of B^B^ mesons into /i and /2 
states, in both C = —1 and C = +1 cases, have been derived in Refs. |P, 10|. Here we are only 
interested in the time-independent measurements. The generic formula for the time-integrated 
rate of a joint B'^Bg decay mode reads 

1 + Cy's 



1 -Cx? 



2^2 



(lecP + IC 



c\ 



c\ 



+ 



2(1 + CK 

(1 + X2)2 



c) 
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where Xs = AM/T and ys = Ar/(2r) are two dimensionless parameters of B^-B^ mixing, and 

P 



Cc 



[1 + CA/1A/2J 



The definition for A/^ and A/2 is similar to that for A/ in Eq. (3). The present experimental 
bound for Xs is Xs > 14 at the 95% confidence level . In addition, a detailed calculation based 
on the standard model yields i/s ~ (9(10~^) up to 0.1 [|ll|]. This value will always be reduced, 
if Bg-Bg mixing receives CP- violating contributions from new physics [jl], |12|. Therefore the 
formula in Eq. (7) can be simplified by neglecting the 0{y1) and 0{x~'^) terms. Up to the 
corrections of (9(10~^), we arrive for C = — 1 at 



Wi,/2)- cx mBi)m2\B 

and for C = +1 at 

Wi,/2)+ cx mB',)?mB 



4ReA/iReA 



V2 



(9) 



1 + \^h? + + IA/iHA/J^ + 4ReA/iReA/2 



-Ay, (1 + IA/J2) ReA;^ - 4y, (l + |A/,|2) ReA^^] . (10) 

If ys ~ 0(1O~^) held, the relevant Oijjs) terms in 7?.(/i, /2)+ could also be neglected. Here and 
hereafter we treat ys as a free parameter of (9(10^^). It can be seen later on that the formulas 
in Eqs. (9) and (10) allow one to determine the weak phase and the mixing parameter y^, 
model-independently, from the joint decays of B^^B^^ pairs into (/, /), (/, /) and (/, /) states. 

Now taking (/i, /2) = (/, /), (/, /) and (/, /) respectively, we obtain two ratios of the three 
joint decay rates for the C = —1 case: 

(_) ^ m/)_ 

^ " 7^(/,/)_ 

(l+p^)^-4p^ cos^(0 + (5) 
(1 + p2)2 _ 4p2 cos(0 + 5) cos(0 - 5) ' 

niJ)- 

{l + p^Y-Ap^ cos^(0-^) _ 
(l + p2)2 _4p2cos(0 + 5)cos(0-(5) ' 

and another two ratios for the C = +1 case: 



K 



R 



(+) 



R 



(+) 



nf,f)+ 

(1 + p2)2 + 4p2 cos2(0 5) - 8ysp{l + p^) cos(</) + 5) 
(1 + p^)^ + 4p2 cos(0 + 5) cos(0 — 6) — 8ysp{l + p^) cos cos 5 

/)+ 

nf,f)+ 

(1 + p2)2 + 4p2 COS2(0 - 5) - 82/sp(l + p2) COS(0 - 5) 

(1 + p2)2 + 4p2 cos(0 + 6) cos(0 — 5) — 8ysp{l + p^) cos cos 6 



(12) 
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The four observables R^^^ and R^^^ depend upon four unknown quantities p, 0, 6 and y^, 
therefore the latter can be determined from the former with some discrete ambiguities (only 
for (j) and 6). Such ambiguities can be resolved if the coherent B^B^ decays into four different 
final states listed in Eq. (4), which involve the universal (p and ys but the different p and 6, are 
taken into account. 

Note that 5 = or tt would leads to 

= R(r) = rM = rM = 1 . (13) 

In this case it is impossible to extract the weak phase (p from these observables. However, the 
four strong phases 6{DsK), 6{D*K), S{DsK*) and S{D*K*) are in general expected to take 
values different from one another. Thus one can always pin down the magnitude of from the 
measurements of i?^^^ and i^^"^ for different final states /. A special value of (= or vr) 
could also result in the relationship in Eq. (13), but this possibility should not happen within 
the standard model, where with < 7 < tt. 

An estimate of p in the naive factorization approximation yields p ~ Therefore the 

Bg-Bg mixing parameter yg of (9(10~^) may affect the magnitudes of R^j^^ and R^^^ significantly, 
in particular if the cos(0 ± 6) terms are of 0{1). This provides an interesting opportunity to 
determine or constrain yg model-independently and time-independently. 

As the branching ratios of 5° decays into DfK^, Dl^K^, DfK*^ and Dg^K*"^ states are 
all at the O{10~^) level to observe signals of the joint BgBg decays into these final states 
needs about 10^ events at the T{5S) resonance. The similar number of B^B^ pairs is 

required to apply the idea proposed in Ref. [0 for a determination of 7 using the partial rates 
for CP-tagged Bg decays into D'f^'^K^*^'^ states at the T{5S) resonance. 

Finally let us give a brief comparison between our new approach to determining the CP- 
violating phase 7 and those presented in Ref. and Ref. 0, which all make use of the Bg 
decays into P)(*)=fk(*)± states. The method of Ref. [|] requires the time-dependent measure- 
ments, therefore its feasibility relies crucially upon the knowledge of Bg-Bg mixing (i.e., the 
known values of Xg and yg). To apply the time-independent method of Ref. one needs the 
quantitative information on the relevant decay amplitudes of pure B^ and P° mesons, which 
can be experimentally achieved only after the values of Xg and yg have been fixed. For our ap- 
proach, the precise knowledge of Bg-Bg mixing is not a prerequisite. Indeed it is even possible 
to measure the magnitude of yg using our method at the T(55') resonance. Within the standard 
model the three approaches can be complementary to one another for the determination of 7. 

In summary, we have proposed a new method to extract the weak phase 7 and to determine 
the Bg-Bg mixing parameter yg from the coherent BgBg decays into {DI*^^K^*^^){DI*^^K'^*^'^) 
states at the T(55') resonance. It will become realistic and useful, perhaps in the second (or 
final) round of P-factory experiments, once the present e^e~ colliders operating at the T(4S') 
resonance are updated to run at the T{5S) energy threshold. 



5 



The author is grateful to X. Calmet, A.F. Falk, CD. Lii, and A. A. Petrov for useful com- 
munications. 



References 

[1] Z.Z. Xing, Eur. Phys. J. C 4 (1998) 283. 

[2] A.F. Falk and A. A. Petrov, |hep-ph/ 00033211 (to be published). 



[3] Particle Data Group, C. Caso et al, Eur. Phys. J. C 3 (1998) 1. 

[4] For a review with extensive references, see: The BABAR Physics Book, edited by P.F. 
Harrison and H.R. Quinn, Report No. SLAC-R-504 (1998). 

[5] R. Aleksan, I. Dunietz, and B. Kayser, Z. Phys. C 54 (1992) 653. 

[6] M. Lusignoh, Z. Phys. C 41 (1989) 645. 

[7] See, e.g., A.I. Sanda and Z.Z. Xing, Phys. Rev. D 56 (1997) 6866; 
L. Wolfenstein, Phys. Rev. D 57 (1998) 5453; 
L. Randall and S. Su, Nucl. Phys. B 540 (1999) 37; 

G. Barenboim, J. Bernabeu, and J. Matias, Phys. Rev. D 60 (1999) 016003. 

[8] See, e.g., P. Krawczyk, D. London, and H. Steger, Nucl. Phys. B 312 (1989) 1; 
J. Lee-Franzini et al, Phys. Rev. Lett. 65 (1990) 2947. 

[9] Z.Z. Xing, Phys. Rev. D 55 (1997) 196. 

[10] Z.Z. Xing, Phys. Rev. D 53 (1996) 204; Phys. Rev. D 50 (1994) 2957; Phys. Lett. B 463 
(1999) 323. 

[11] M. Beneke, G. Buchalla, C. Greub, A. Lenz, and U. Nierste, Phys. Lett. B 459 (1999) 631. 
[12] Y. Grossman, Phys. Lett. B 380 (1996) 99. 



6 



